MSY objectives are being adopted as major fisheries management targets worldwide. However, in fisheries where discards account for an important share of the catches, the yield, effort, and biomass at MSY can be significantly different when accounting or not for discards and thus when, basing the yield estimations on landings or catches. Also whether accounting for a certain survival rate, of discards can lead to different MSY targets estimates. Hence, both decisions have important, implications on catch and effort reduction recommendations, and consequently on the quota, calculations for fisheries managed by quotas. Results from the Bay of Biscay nephrops fishery confirm, that the optimal exploitation level can vary significantly when optimising for catches or landings, and, by assuming a certain survival rate of the discards. By doing this, the present study also allows to, explore the basis to clarify the definition of MSY in fisheries where discarding takes place.
Introduction
MSY is widely interpreted as the maximum long term average catch that can that can be achieved under prevailing conditions, including both the state of the ecosystem and size selectivity of the fishery [1] . The target of fisheries operating at MSY meets both biological sustainability and production maximisation objectives [2] [3] . Achieving MSY has become a key issue for fisheries policy as agreed at the 2002 Johannesburg"s World Summit that stated to achieve the MSY objective for all stocks in 2015 [4] , which was re-iterated at the Rio+20 United Nations Conference of Sustainable Development in 2012 [5] . As a result, MSY has been adopted as a fisheries management objective by many countries and international management bodies. This has also resulted in the European Commission proposal to set MSY as the main objective in the reform of the European Union"s Common Fisheries Policy (CFP).
The extended practice of discarding has been identified as one of the reasons for the failure of the past CFP [6] [7] [8] . Discarding has prevented several EU fish stock from recovering, despite the low landing quotas [6] [7] [8] . Discards occur for several reasons, mainly because of low demand for non-target species, and because of minimum landing size regulations and highgrading for target species [7, 9] . Latest worldwide estimates report about 30 million tonnes of discards, accounting for 23% of the global catches [10] , where catches are the sum of landings and discards. However, discards are highly variable depending on fisheries, species, and fishing gears [11] . Indeed, discards can reach 80% of the catches in some fisheries. Discarding is a common practice in demersal fisheries such as the nephrops fishery in the Bay of Biscay [12] [13] [14] .
The impact of discards in a fishery depends however on the survival rate that is linked to the species and the fishing gear [15] . The survival rate of discards is generally low for fishes and can reach 0% of the discards for some of them [15] [16] [17] . The survival rate is higher for crustacean such as nephrops. The survival rate for the discarded nephrops has been assessed around 30% [18] [19] , resulting in a mortality rate of around 70%, which has been discussed in several papers afterwards [20] [21] [22] [23] . Recent experimentations show that this survival rate could be higher because of improvements in the sorting process [24] .
Many fisheries worldwide are managed by quota systems, either catch or landing quotas. Quota levels are often set so that the stock size tends towards the biomass level that produces MSY (B MSY ). For example, the EU"s CFP has various measures to manage fish stocks, where landing quotas or total allowable catches (TACs) play a key role. However, in fisheries where discards account for an important share of the catches, MSY estimations (B MSY , E MSY and mortality levels, and consequently the quota level) can be significantly different when accounting or not for discards and thus basing the yield calculations on catches or on landings maximisation. Similarly, if a fraction of the discards survives, this can also lead to significant differences in these optimal estimates. Consequently, both issues, choosing between landings or catches maximization and accounting or not for survival of discards, have important implications when determining the yields that can be harvested annually from the stocks. They also have important implications on quota calculations (on fisheries managed by quotas), and effort reduction recommendations towards MSY. In the new EU"s CFP a landings obligation (discard ban) is implemented gradually, this way landings and catches will match and thus these issues will be mitigated in some fisheries. This paper explores the impact on MSY estimates of maximising catches or landings, and the effect of the survival rate of discards. Analyses are applied to the Bay of Biscay nephrops (Norway lobster, Nephrops norvegicus) fishery, a demersal mixed fishery that is characterized by high levels of discards [12] [13] [14] . Therefore, the analyses of this nephrops fishery allow to obtain important insights of the effects that discards and their survival have on the MSY estimation and quota determination in fisheries where discarding occurs. In particular, the focus on a species (nephrops) that shows a certain discard survival and the sensibility analysis of the results to the discard survival (section 3.2) let to extent the results of this study to species with lower (e.g. fishes) and higher (e.g. crustaceans such as crabs and lobsters) discard survival. This allows to set the basis to clarify the definition of MSY in fisheries where discarding takes place.
Materials and Methods

Case Study
Nephrops in the Bay of Biscay is fished by bottom trawlers (Figure 1 ). In 2009, 197 bottom trawlers caught more than one ton of alive nephrops in the Bay of Biscay. Among them, 115 bottom trawlers target nephrops throughout the year and depend on nephrops for more than 40% of their gross revenue while 82 trawlers target nephrops only during a certain period of the year. The fishery is managed by TACs and quotas and by a licence system. Bottom trawlers use poorly selective gears which lead to high amounts of undersized catches of target species and to by-catches of other species [25] .
In 2009, 58% of nephrops catches in number (38% in weight) were discarded in the Bay of Biscay [13] . Those discards were mainly composed of the smallest individuals that were below the minimum landing size (9 cm for nephrops) [13] . Discarding has negative impacts on stock renewal as 70% of the nephrops discards die [18] [19] .
Simulation model
MSY estimations for the nephrops fishery in the Bay of Biscay have been performed using the biological component of the bio-economic model IAM (Impact Assessment Model for fisheries management) [12, [25] [26] [27] . The model is developed in R/C++ languages [28] [29] . It is an integrated model coupling the biological dynamics of fish stocks with the economic dynamics to perform impact assessments taking into account the biological impacts and the economic impacts for fleets. This model assesses impacts in the short, medium and long term, transition phases, and impact distributions between different fleets. It is age structured, spatially aggregated and has an annual time step. The model calculates at each time step fishing mortality, spawning biomass, biomass, total catches, landings and discards accounting for survival of discards, landings by fleet, fleet and individual economic performances, the total number of vessels by fleet, employment and crew salaries. The model can assess the impacts of various management scenarios such as fishing gear selectivity improvement, decrease in time fishing per vessel, decrease in the number of vessels, and quota constraints. The model is used in Macher et al. [12] and Raveau et al. [25] to assess the impact of selectivity improvements in the nephrops fishery of the Bay of Biscay. It is also used within STECF to assess several scenarios of achieving MSY in the sole fishery of the Bay of Biscay [30] , and in Guillen et al. [27] to estimate the MSY and MEY in multispecies and multi-fleet fisheries. Main equations of the IAM model relevant to the current study are described below for the nephrops case study. The IAM bio-economic model allows to account for multi-species and multi-fleets, but in this study it is only modelled one species (nephrops) and one fleet (bottom trawlers).
The IAM model assumes proportionality between the rate that individuals are captured by the fishing gear by age group i (Fc i ) and nominal fishing effort (E):
where i q is the catchability by age-class (i) for a given fleet. m is a multiplier of the nominal effort E used for simulations of scenarios.
The fishing mortality corresponding to removals (landings and dead discards), denoted Fr, is given by:
where K is the corrected factor of the fishing mortality that accounts for the survival of discards, modelled following Mesnil [31] , such that:
where sr is the survival rate and d is the percentage discarded in number by ageclass, as seen before. 
Survival of nephrops is calculated following Beverton and Holt as:
where N is the total number of individuals and Z is the total mortality (natural and removal fishing mortality).
Catches in number per age group ( i Cn ), are related to fishing mortality, by the Baranov equation:
Discards in number (Dn), by age-class are estimated in the model by:
where d is the percentage discarded in number by age-class. In this study it is assumed a constant discarding behaviour based on historical data, the percentage of discards by age is considered constant over time (each year).
Landings in number (Ln) are obtained by the difference between Catches in number and Discards in number, in the model are given by:
Discards in weight (D) and Landings in weight (L), are estimated in the model by:
Where w D is the mean weight of discards, and w L is the mean weight of landings.
Simulations on catch and landing evolutions for the nephrops fishery according to a range of effort multipliers were performed with the IAM model. MSY estimates (maximum catches and landings) and the corresponding effort and biomass at equilibrium were obtained by optimization with the IAM model.
Data
The IAM model was parameterized with the outputs from the stock assessments performed by ICES in 2012 (i.e. fishing mortality, stock numbers at age, mean weight at age, discards at age) for the stock of nephrops in the Bay of Biscay [32] . Hockeystick stock-recruitment relationship was adjusted based on 1987-2011 data 1 . Table 1 presents the main data on the nephrops fishery: total biomass, fishing mortality, nephrops catches, landings and discards by the bottom trawl fleet in 2011; table 2 details the main data by age-class.
Scenarios analysed
The nephrops catches, landings, discards and fishing effort multipliers at MSY are estimated under four scenarios (Table 3) according to the variable which is maximized (landings or catches) and the survival rate considered (0 or 30% following Guéguen and Charuau [18] and Charuau et al. [19] ).
Results
Main results are presented on table 4. Section 3.1 "landings or catches maximisation" compares scenarios A and B, and scenarios C and D. Section 3.2 "Accounting for discard survival" compares scenarios A and C, and scenarios B and D and provides a sensitivity analyses of landings to effort and survival rate.
Results show that the optimal exploitation level can vary significantly when optimizing for catches or landings, and also whether assuming a certain survival of the discards or 1 Hockey stick stock-recruitment relationships have been chosen because they offer a shape closer to the production functions usually used in more theoretically economic models and more realistic when considering impact of high effort levels on recruitment. It should be noted that the inflexion point parameters have been arbitrarily chosen from the nephrops stock assessment data because historic recruitments have proven to be robust and there is no perception of inflexion points on the data. The optimal reference points for this nephrops fishery have shown to be independent of the inflexion points in the stock-recruitment relationships.
not. In fact, optimal nephrops stock levels (B MSY ) vary from 16,239 to 28,478 tonnes and E MSY from 0.57 to 1.39, potentially resulting in a 43% decrease on the current effort to a 39% increase to maximize the yield (landings or catch respectively) considering survival of discards or not. Table 4 shows that maximum yield estimations for the nephrops fishery in the Bay of Biscay would result in 5,641 tonnes of catches (or 4,135 tonnes of landings) when aiming at maximising catches assuming no survival of discards; or 5,480 tonnes of catches (or 4,334 tonnes of landings) when aiming at maximising landings assuming no survival of discards. When a 30% survival rate of discards is considered in the estimation, yields can increase up to 6,464 tonnes of catches (or 4,266 tonnes of landings) when aiming at maximising catches; or 6,131 tonnes of catches (or 4,792 tonnes of landings) when aiming at maximising landings. These yield estimations would be equal to the quotas at equilibrium if the fishery was optimally managed, and there were no inter-annual variations in the recruitment 2 .
Landings or catches maximisation
Figure 2a compares the curves of sustainable nephrops landings and catches as a function of effort assuming no survival of discards in equilibrium. Catches are either retained or die when discarded in this case; in both cases yields are compared. Figure  2b compares the maximum sustainable nephrops landings and catches as a function of effort assuming a 30% survival rate on discards 3 .
Both figures show that the effort level that maximizes landings is lower than the effort that maximizes catches in equilibrium. Lower effort levels correspond to a larger nephrops stock size. The difference between catches and landings in both figures is equal to the discards. Discards increase disproportionally high when effort increases because the average weight of nephrops in the stock, and consequently in the catches, decreases.
When assuming no discards survival, the E MSY is reduced from 0.86 of the current effort when optimising catches, to 0.57 when optimising landings. Thus, current effort needs to be reduced by 14% to 43% to maximize catches or landings yields, respectively. Corresponding value of MSY based on landings is 34% lower than MSY value based on total catches. When assuming survival of the discards, the E MSY decreases from 1.56 to 0.66 of the current effort according to the variable to be maximized, catches or landings respectively. The MSY calculated on landings is 58% lower than the MSY calculated on catches assuming discards" survival. Maximizing catches instead of landings can lead to an increase of discards. In this case, discards increase by 31% compared to maximising landings with no discard survival and by 64% when discard survival is assumed.
The B MSY is 37% larger when optimizing landings instead of catches and assuming no survival of discards. It is 71% larger when optimizing for landings compared to optimizing for catches when assuming a 30% survival rate for discards. The average weight of nephrops biomass is 44% larger when maximising landings than when maximising catches and accounting for discard survival. While the average weight of nephrops landings is 28% larger when maximising landings than catches and accounting for discard survival, it is a 15% larger when it is assumed no discard survival. Figure 3a compares the nephrops landings as a function of effort both with and without survival of discards; figure 3b compares the nephrops catches, also with and without survival of discards.
Accounting for discard survival
Figures 3a and 3b illustrate the effect of discards in the assessment models, when accounting for a certain survival rate (30% in the case of nephrops) of discards.
When accounting for a 30% survival rate of discards, E MSY is higher than E MSY when assuming no survival. Our results show that for Bay of Biscay nephrops, effort that maximizes the catches is 62% higher when assuming survival of discards than when assuming no survival of discards. Effort that maximizes landings is 19% higher when assuming survival of discards than when assuming no survival of discards. This leads to optimal target yields (quotas) that are higher when assuming the survival of discards. Optimal catches are a 15% higher and optimal landings are 11% higher when assuming survival of discards. As a consequence, the B MSY accounting for discards survival is lower than the B MSY when assuming no survival (22% and 2% lower for catches and landings respectively). This also results in the average weight of nephrops biomass being 16% and 3% lower and the average weight of nephrops landings being 14% and 3% lower when accounting for discard survival when maximising catches and landings respectively.
As shown on Figure 4 , for species with low survival rate of discards, the E MSY is obtained at lower fishing mortality (F MSY ) and thus lower fishing effort. This leads to a higher biomass at sea.
Furthermore, landings at MSY increase slightly with increasing survival rate and the percentage of discards from the total catches increases (because of a lower average size of the catches) when the fishing effort and survival rate increases.
Discussion
The important difference in the effort needed to maximize catches or landings occurs because often discards are not proportional to landings" weight, but to the distribution of the catches by age-class. Nephrops discards on the Bay of Biscay fishery involve the smaller individuals that are under the Minimum Landing Size, as it happens in many fisheries. Therefore, the discards evolution (and thereby the difference between catches and landings) is explained because when fishing pressure increases the average size of the catch declines and discards increase when assuming a constant rate of discards by age group. The discards' increase observed when the average size of catches decreases is linked to minimum landing size regulations. Constraints of the processing industry for smaller individuals and a lower demand for small individuals can also be other reasons for discarding [7, 9] .
MSY is widely interpreted as the maximum long term average catch that can that can be achieved under prevailing conditions, including both the state of the ecosystem and size selectivity of the fishery [1] . Therefore, size at age and weight at age are assumed to remain stable, and consequently not to be influenced by the fishing activity, as in this study. However, long term high levels of fishing pressure and size-based discards could lead to evolutionary responses [33] [34] [35] . Induced phenotypic adaptation to fisheries could lead to a reduction in the long-term yields. However, there is high uncertainty on the level of these potential changes and when they will occur. Moreover, these potential changes due to phenotypic adaptation should not have a relevant impact on the significant differences between yield estimations based on landings or catches.
Accounting for a certain survival rate of the stock also leads to changes in the target biomass, effort and yield. In fact, when it is considered that 30% of the discards survive in the case of nephrops, target yields (landings) increase by 11% compared to the situation where no survival is assumed. At the same time, when assuming discard survival, B MSY is 22% smaller. Therefore, improvements in the sorting of discards that could lead to increases in their survival would allow higher yields from the fishery.
Nephrops often has a higher survival rate for discards compared to other species, especially fish [15] [16] [17] , but lower compared to other crustaceans such as crabs or lobsters [36] [37] [38] . This implies that the detrimental effects of discards are even larger for most fish species, while lower for some other crustaceans (i.e. crabs and lobsters) than the ones shown in this paper for nephrops. So, for species with high survival rate of discards, it is beneficial to discard small size individuals to capture them at a later stage with a higher size; while, for species with low or null survival rate of discards, it is not going to be possible to capture them later. However, most of the discards are due to the catch of undersized individuals that need to be discarded because of the minimum landing size regulation. Even if a regulation that encourages discards of undersized individuals may not seem beneficial for species with a low or null survival rate of discards, such a regulation could be beneficial because it may have a deterrence effect to avoid the capture of large amounts of undersized individuals. So, it could be possible that if the minimum landing size regulation was not in place, more undersized individuals would be captured, leading to a lower level of landings.
Normally, in fisheries, different species are caught jointly with the target species, and some of these by-catch is discarded. Hence, in order to avoid discards, together with reducing fishing effort [27] , it is important to improve selectivity in the fisheries, for both target and by-catch species. Indeed, improving selectivity, in particular reducing retention by the gear of the smallest individuals, results in medium to long term higher yields per unit of fishing effort and in greater catch values [14, 25, [39] [40] [41] [42] [43] . However, it seems that the adoption of selective devices by fishermen is hampered because of the uncertainty of potential future gains, but also because individual fishermen suffer the loss of catch due to the escapement of individuals with commercial sizes, while benefits are gathered by the collectivity [25] . So individual fishermen have incentives not to adopt selective devices.
It should be considered that because the nephrops stock is currently overfished [27] , a transition period will be needed to let the spawning biomass grow to reach the B MSY level. Because the current stock biomass is less than B MSY , during this transition period the TACs will need to be reduced to allow the stock to grow. Therefore, when the stocks are at low levels, to move towards MSY will require a period of reduced catches, aiming to recover this investment with higher quotas once the stock is at B MSY . If the stock was underexploited, there would be the need to set the quotas above MSY levels so that the stock biomass can shrink to B MSY .
The term "overfished" is commonly used to refer to a low level of stock abundance [3] . A stock is often considered "overfished" when its stock abundance is lower than the Biomass at Maximum Sustainable Yield (B MSY ) [44] [45] . Therefore, a fish stock being overexploited implies that the stock is producing less in biologic terms than what could be obtained if it was optimally managed (i.e. with biomass at sea at B MSY ). However, the assessment of a stock could change from overexploited to underexploited (or vice versa) depending on the assumption of the survival rate of discards and whether maximising landings or catches. As can be seen in this analysis, B MSY at sea when maximising catches, ranges from 20,852 tonnes when no survival is assumed to 16,239 tonnes when estimating survival, compared to the 16,665 tonnes of the current stock. In this context, stock status assessments are important because they can be decisive regarding whether a management plan needs to be developed, and it will define the effort and time needed to reach the management target (often MSY). It should be noted that these effects would be mitigated in fisheries with a lower proportion of discards, consequently, more similar optimal yields and effort levels are to be expected in the estimation of maximum catches and landings.
Results obtained set the basis to discuss the definition of MSY in fisheries where discards takes place. ICES [1] states that MSY is widely interpreted as the maximum long term average catch that can be achieved under prevailing conditions, including both the state of the ecosystem and size selectivity of the fishery. In addition, ICES [1] asserts From the societal point of view, the value to be maximized is the amount of food that the fishery provides or the rent from the fishery which means a maximization of the difference between gross revenue and costs (equivalent to the Maximum Economic Yield, MEY). Therefore, it is clear that not catches, but landings should be maximized, which are the part of the catches used by the society; there is no sense to maximize harvest if a part of the catch is discarded afterwards. This also explains that in the potential presence of discards, it would be better to base TACs and quotas on the fish removed from the stock (catches) and not on landings, because discards may vary overtime, and consequently landings may not be proportional to catches. However, catches and the potential survival of discards can be proven difficult to monitor.
By including economic considerations (i.e. revenues from the landings and fishing costs), the optimal exploitation level that maximises the rent (MEY) would be characterized by a lower fishing effort and a larger optimal biomass than at MSY. Fishing at MEY would therefore lead to lower fishing costs and lower discards compared to MSY [27, [46] [47] [48] . These effects could be accentuated when considering that prices depend on size [49] , since the average length of specimen would increase by having a higher biomass and a lower fishing effort [10, 23] .
Conclusions
In this paper, based on the nephrops Bay of Biscay fishery, it is analysed the sensitivity of MSY reference points (B MSY , E MSY and yields) to the optimized variable -landings or catches-and to the survival rate of discards. Results are relevant for any fishery where discards take place. The detrimental effects of discards are larger for species with lower survival rate (i.e. fishes), while effects are lower for species with higher survival rate (i.e. crabs and lobsters). It is concluded from this analysis that (i) differences can be important and can impact the recommendations of quotas and effort reductions to reach MSY and (ii) that landings (and not catches) should be maximized, as part of the catches that contribute to the welfare of the society, either directly by their consumption or through the value chain. 
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